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ABSTRACT
SHORT-TERM EFFECTS OF BULKHEADS
ON THE BAYSHORE OF FIRE ISLAND, NEW YORK
by
Dipanjali Chavan
Construction of bulkheads as a method of shore protection is common on the bay
shoreline of Fire Island, New York but there are few studies that assess the effects of
these structures on beach change in estuarine and lagoon environments. A short-term
field study was conducted at Cherry Grove on Fire Island to assess the effect of a
bulkhead on the fronting profile and to the adjacent beaches on the east side of the
bulkhead. Data on winds, waves, and currents were gathered daily at high water. Data on
profile change and depth of sediment activation were gathered at low water.
Wave heights ranging from 0.22 m to 0.27 m were recorded in front of the
bulkhead during the field investigation. The northwest winds (average speed of 7.1 m/s)
resulted in volumetric loss of sediment on the adjacent beach. The northeast winds
(average speed of 6.6 m/s) resulted in considerable sediment deposition on the adjacent
beach. Effects of the bulkhead during northwest winds were minor, while during
northeast winds it acted as a trap for sediments transported by the longshore current. It
was found that even the small volumetric changes on the adjacent beach can cause large
horizontal displacement of the shoreline.
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CHAPTER 1
INTRODUCTION
Statement of Problem & Objectives
Bulkheads are vertical structures, built parallel to the shoreline, designed to protect
upland from erosion and flooding. They are the most common form of shore protection
found in estuaries, and their lengths are increasing through time (Canning and Shipman,
1993; Douglass and Pickel 1999, Jackson et al, 2002). Bulkheads and other shore-parallel
hard stabilization structures, such as seawalls, are reported to have negative impacts on
the beaches fronting and adjacent to them (identified by Nordstrom and McCluskey,
1985; Hall and Pilkey, 1991; Plant and Griggs, 1992; Spalding, 1998; Jaramillo et al.
2002). Bulkheads can alter wave and sediment interaction by increasing erosion
downdrift of the structure, increasing accretion updrift of the structure and increasing
turbulence and sediment transport in front of the structure. Construction of bulkheads on
private properties is often incremental, and structures built at a later time are often farther
landward than structures built earlier (Jackson, et al. 2002). Bulkheads located farther
bayward can act as barriers to longshore transport of sediment (Shipman and Canning,
1993) and result in erosion of beaches downdrift.
Fire Island is a barrier island located in Suffolk County, Long Island, New York.
Bhe island is comprised of 20 communities separated by areas of undeveloped land
owned by the federal government and managed by the U.S. National Park Service.
1
2Much of the bay shoreline at Fire Island is eroding, with an average rate of 0.3 m
yr-Iand maximum rates of over 1.0 m yr(Leather an and Allen 1985)  Many private
property owners on the bayshore have responded to the erosion problem by stabilizing
their property using bulkheads. The US Army Corps of Engineers has proposed a beach
nourishment and dune building project on the ocean side of Fire Island (as part of the Fire
Island Interim project). Beach nourishment and dune building on the ocean side may
restrict the delivery of sand to the bayside by inlets, wave overwash and aeolian transport.
Lack of sediment delivery to the bayside by these natural processes will result in
continued retreat of the bay shoreline.
The ocean shoreline at Fire Island has received considerable attention in recent
years, with studies focused on the sediment budget and its relationship to Moriches and
Fire Island Inlets (Kana 1999; Smith et al. 1999), foredune mobility (Psuty 1990) and
changes to beach and foredune in relation to wave effects as influenced by offshore bars
(Gravens 1999; Morang et al 1999). In contrast, little has been documented about the bay
shoreline of Fire Island. The only detailed study is a single experiment on depths of
sediment mixing and longshore sediment transport at Sailors Haven (Jackson et al. 1993;
Sherman et al. 1994; Nordstrom et al. 2003). The purpose of this investigation was to
conduct a short-term instrumented study on the bay shoreline to assess the effects of a
bulkhead on the adjacent beach managed by the National Park Service. Data on waves,
currents and beach change were gathered at one location fronting a bulkhead and at three
locations on the adjacent bulkheads shoreline during strong northwesterly and
northeasterly winds.
CHAPTER 2
BACKGROUND
2.1 Literature Review
Effects of hard stabilization structures on the beach system is a topic of interest among
geologists, environmentalists, developers, coastal planners and policy makers. Before the
mid-1980s the topic was not well studied and documented. Since the late 1980s the topic
has received more attention. Research by Dean (1986), Kraus (1987, 1988), Plant and
Griggs (1992), Griggs and Bait (1988, 1989, 1990), Pilkey (1988, 1991), and Nordstrom
and Jackson (1993, 1996, 1998, 2000) has documented the effects of hard stabilization on
coastal processes (hydrodynamic and morphologic). The majority of these studies have
focused on the effects of seawalls on beaches in high energy ocean environments (Kraus,
1988; Kraus and McDougal, 1996; Miles et al., 1997). Carter, Monroe and Guy (1986)
investigated the relationship between long-term shore erosion rates and density of shore
protection structures. While many others including Fitzgerald (1980) and Sexton and
Moslow (1981) studied interaction of bulkheads with beaches during storms and
hurricanes.
Bhe number of studies on the effects of bulkheads in low wave energy estuarine
environments is limited but increasing as more linear length of shoreline is being
stabilized (Bhom et al. 1994, Douglass and Pickel 1999, Spalding and Jackson 2001,
Starkes, 2001). Most of these studies focus on changes in beach profile and ecology at
specific sites. For example, Spalding and Jackson (2001) studied the influence of
bulkheads on meiofaunal abundance in the foreshore of an estuarine sand beach in
Raritan Bay, New Jersey.
3
4Bheir study documented changes in the beach properties due to presence of
bulkhead affecting meiofaunal densities at the site. Despite the growing number of
studies on bulkheads, detailed process investigations of the interaction of these structures
on estuarine beach processes has not received considerable attention.
2.2 Bay Shore Processes
Waves are the primary source of energy reworking estuarine beach sediments (Nordstrom
1992; Jackson 1995). Waves can be locally generated within the bay by local winds, can
be generated in the ocean and enter the bay through inlets and can be generated by ships
(boat wakes). The height of locally generated waves depends upon the speed and
direction of the wind and the fetch distance (width of bay across which waves can be
generated). For a given wind speed and direction the longer the fetch, the larger the
waves. Fetch distances on the bay shoreline at Fire Island are narrow, less than 20 km in
the direction of northeasterly storm winds and more frequent northwesterly winds
(Nordstrom and Jackson, 2003). In addition to wind characteristics and fetch distance,
water depth will limit the height of the waves that can be generated in shallow basins
such as Great South Bay (Nordstrom et al. 1996).
52.2.1 Tidal and Wind-Induced Water Levels
Bidal range varies significantly over short distances in estuaries (Nordstrom and Jackson,
2003). Bidal range usually decreases with distance from an inlet in shallow environments
and in long narrow bays behind barrier islands. Tidal range affects the strength of the
tidal currents and the vertical distribution of wave energy over the profile, determining
the width of the foreshore and the duration that breaking waves will occur at any
elevation. Bhe bayside of Fire Island has a mean range of 0.21m and a spring range of
0.24 m. These values increase with proximity to the inlets (Nordstrom and Jackson,
2003). Bidal currents are usually strong near inlets while the bay shoreline away from the
inlets is dominated by the wave-generated longshore currents, or wind drift.
2.2.2 Inlets
Inlets have a pronounced influence on the bay shoreline due to their effects on tidal range
and storm surge and the quantity of sediments delivered to the bay from the ocean
beaches (Nordstrom and Jackson, 2003). Spits at the ends of inlets extend into the bay
and become eroding uplands that supply sediment to form beaches bayward and
downright of them, and dunes that form on these spits may eventually be exposed on the
bay shoreline where they form the high lands. The frequent breaching of the island in the
past and rapid rate of migration of these inlets (especially Fire Island Inlet) extended the
zone of inlet influence well beyond the locations of the present inlets.
6Since 1825, Fire Island Inlet migrated about 7.5 km to the west at an average rate
of 65 m yr-1, until migration was halted in 1941 by construction of the eastern jetty (Long
Island South Shore Hazard Management program, 1989). Breaches have occurred in the
vicinity of inlets over the last century, but have been closed artificially.
Bhe impacts of a new inlet can be positive, negative, neutral or unknown,
depending on the resources being evaluated or specific management objective or
management mandate (Tanski et al. 2001; Nordstrom and Jackson, 2003). Bhere is
precedent within the National Park Service to allow inlets to remain open or to allow
them to be closed artificially, depending on the degree of threat to human populations or
facilities (York 2004; Nordstrom and Jackson, 2003). The investment society has made
in the existing inlets has led to recommendations to prevent new inlets from forming
(Long Island Regional Planning Board, 1989; Nordstrom and Jackson, 2003).
2.2.3 Ocean Overwash
Ocean overwash is usually experienced on narrow reaches of barrier islands during and
after storm events. High waves during storms and raised water levels can wash over the
backbeach, through gaps in the dunes and over low dunes, and deliver ocean water and
sediment to landward portions of barrier islands (Nordstrom and Jackson, 2003). Bhe
sediment supply by ocean overwash helps to maintain the width of barrier islands as these
islands move landward under the influence of sea level rise.
7In the vicinity of Fire Island, sea level is currently rising at a rate of about 3-4
mmlyr (Roman and Cahoon, 2003). The natural process of ocean overwash was common
at Fire Island before the 1940s (Leatherman and Allen, 1985). Artificial closure of inlets
and dune building and maintenance projects on the ocean side prevents the transport of
sediments to the bayside through overwash processes
2.3 Profile Response on Estuarine Beaches
Nordstrom and Jackson (1992) present a model of two-dimensional profile change for
sandy beaches in estuaries. The model identifies two characteristic responses of the
foreshore and low tide terrace in response to low to moderate wave energies (mean
breaker height ranging from 0.04 to 0.21) (Figure 2.1). Type A response involves erosion
of sediments from the upper foreshore and deposition on the lower foreshore with little
change on the low tide terrace (Nordstrom 1980, Nordstrom and Jackson 1992).
8Beaches generally show Bype-A response under strong onshore wind conditions
that generate waves approaching perpendicular to the shoreline orientation. Bype-B
response is more common during alongshore wind conditions causing prolong periods of
unidirectional wave approach and longshore sediment transport. Longshore sediment
transport causes vertical landward displacement of the entire foreshore profile while the
profile slope is maintained (Nordstrom and Jackson 1992). Nordstrom and Jackson
(1992) observed that parallel slope retreat is typical of sand starved beaches downdrift of
natural breaks in shoreline orientation or downdrift of shore protection structures, such as
bulkheads and groins.
2.4 Effects of Bulkheads on the Shoreline and Beach Profile
2.4.1 Shoreline Changes
The position of a bulkhead on the beach profile determines the degree of alteration of the
natural process-response conditions on the beach (J.R. Weggel, 1988). If the bulkhead
intersects the profile landward of spring tide, then the structure will not directly influence
nearshore processes and rates of erosion. This type of erosion is termed passive erosion
(Hall and Pilkey, 1991). If the sand supply is sufficient to maintain the beach width in
front of the protection structure, then the beach system may maintain its equilibrium. If
the sand supply into the beach system is low, the beach width fronting the protection
structure will vanish over a period of time and the structure may project into the active
foreshore. A bulkhead projecting into the active foreshore (swash, surf and breaker zone)
acts as a barrier to longshore sediment transport.
9Sediment deposition occurs updrift of the structure and, erosion occurs downsdrift
of the structure. This type of erosion is termed active erosion (Hall and Pilkey, 1991).
Comparison of the 1930 and 2003 aerial photographs of Fire Island reveals that
the greatest changes to the estuarine shoreline have occurred near inlets and where
marinas or bulkheads have been built (Figure 2.2). Marinas have had the most profound
effect because their construction involves dredging and disposal of sediment, altering the
shore bottom profiles. Most of the bulkheads at Cherry Grove and Fire Island Pines were
constructed from 1953 to 1959 (Long Island South Shore Hazard Management Program,
1989). Bhese bulkheads were built in different sections making the shoreline irregular.
Recent aerial photography (2003) reveals a shoreline offset adjacent to the bulkheads
where no shore protection structures are present. For example, Sunken Forest — an
unprotected area next to the bulkhead at Oaldeyville — shows evidence of erosion.
Marinas and bulkheads have divided the shore into smaller drift compartmentslcells that
alter the rate of sand moving alongshore.
The creation of drift cells prevents the sand from entering the littoral drift system,
causing sediment starvation in unprotected areas downdrift. Conspicuous down-drift
effects (landward displacement of the shoreline) were observed at a number of locations
next to bulkheads (especially on the east side of the bulkheads, since the predominant
wind direction is northwest), for example the beach at Cherry Grove. Cuspate forelands
have formed near some of these structures, which indicate that the structures create traps
and interfere with the alongshore sediment transport process.
10
Figure 2.2 Aerial photography from 1930 (top) and 2003 (bottom), showing landward
displacement of the unprotected shoreline adjacent to the bulkheads on the bay shoreline
of Fire Island.
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2.4.2 Profile Changes
Bhe basic function of bulkheads is to reflect wave energy and protect coastal properties
from erosion and flooding. Reflection of wave energy increases turbulence in front of the
bulkhead and alters neashore current patterns in front of the structure (Plant and Griggs,
1992). Field observations by Bait and Griggs (1989) indicate that the incident wave angle
determines the path of the reflected wave, the incident wave height determines the
reflected wave height and the incident wave period determines how far down coast the
reflected wave propagates. Sediments in front of the structure become finer and well
sorted due to the increased turbulence (Spalding 1998, Plants and Griggs 1992). Erosion
in front of the structure is accelerated due to reflected currents (longshore and cross-
shore).
Bhe presence of bulkheads may alter the ground water flux through the beach
matrix and may cause increased beach erosion. Materials used to construct bulkheads
make them less permeable than natural sands resulting in an increase in elevation of the
beach water table. An elevated water table increases the water content in the beach
matrix and the likelihood that erosion will occur (Plant and Griggs, 1992).
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2.5 Ongoing Project at Fire Island
2.5.1 Fire Island Interim Project (FLIP)
Bhe U.S Army Corps of Engineers, New York District, in cooperation with the National
Park Service's Fire Island National Seashore (FIBS) and the U.S Fish and Wildlife
Service (USFWS) are responsible for the ongoing Fire Island Interim Project (FLIP) for
storm damage protection for the ocean shoreline of Fire Island. The project is sponsored
by the New York State Department of Environmental Conservation.
The project area is bounded by Fire Island Inlet to the west and Moriches Inlet to
the east, and includes Fire Island National Seashore. The main purpose of FLIP is to
provide storm damage protection while maintaining the natural protective features of the
barrier island. Bhe plan consists of construction of a beach fill and dune system along
18.4 km of ocean shoreline of Fire Island. Through restoration and enhancement of
existing dunes, the interim plan will provide a continuous protective dune system on the
ocean shoreline to reduce overwashing and breaching of the barrier island and thereby
reduce storm damages (Federal Register, 1999). Bhe FLIP plan is focused on the ocean
shoreline of Fire Island and gives less attention to the bay shoreline. The Department of
Interior (DOI) and Fire Island National Seashore are concerned about the consistency of
FLIP with the General Management Plan (GMP) for Fire Island National Seashore (FIBS).
13
2.5.2 General Management Plan (GMP)
The main purpose of the GMP for Fire Island National Seashore (FIIS) is to preserve the
nationally significant natural resources of the barrier island while providing
environmentally compatible recreation. FIIS realized that the lack of information on the
history, evolutionary trends and inventory of natural resources on the island needs to be
rectified for successful implementation of the General Management Plan (North Atlantic
Coast Cooperative Ecosystem Studies (CESU), 2004).
A new GMP for FIIS is under development. Briefly, GMP outlines how natural
and cultural resources, public uses, and park operations should be managed over the next
decade (North Atlantic Coast Cooperative Ecosystem Studies (CESU), 2004). The main
purpose of the GMP is to address challenges the park is facing, propose management
solutions and establish management priorities. To achieve these goals, it is very
important to have current and relevant natural resource information.
Bhe National Park Service has developed natural resource topic areas for research,
which will serve as a basis for developing the new GMP.
The research topics include:
• Geomorphology and processes of ocean shoreline
• Physical processes of the bay shoreline
• Habitat ecology and water quality of Great South Bay
• Fisheries management
• Vector-born diseases (Lyme Disease, West Nile Virus)
• White-tailed deer ecology and management
14
Bhe field study reported in this thesis was conducted as part of the research need
on physical processes of the bay shoreline, to fulfill the goals of the GMP. A short-term
instrumented study was carried out along a segment of beach in Cherry Grove on the bay
shoreline of Fire Island. Data on waves, currents, and profile changes were gathered to
assess the effects of a bulkhead on the fronting profile and to the adjacent beaches on the
east side of the bulkhead.
CHAPTER 3
METHODS
3.1 Study Site
Bhe field site (Figure 3.1) is a sand beach on the east side of a 930 m-long series of
bulkhead segments in Cherry Grove, a bayside community on Fire Island in Great South
Bay. Bhe site is 19.4 km east of Fire Island Inlet and 31.2 km west of Moriches Inlet.
Mean tidal range at Point 0' Woods, 4.6 km to the west of the field site, is 0.21 m; spring
tidal range is 0.24 m (NOAA 1995). Bhe bulkhead segment immediately adjacent to the
beach is a PVC sheet pile structure with a top elevation of 1.85 m above the beach berm
crest adjacent to it and 4m above the elevation of the bay bottom at its bayward side. Bhe
berm crest next to the bulkhead was 31 m landward of the bayward end of the structure at
the beginning of the field deployment.
Bhe shoreline east of the bulkhead (Figure 3.2) is characterized by a low, narrow
sand beach fronting an eroding Phragmites australis marsh, with a short segment of
eroding barrier upland comprised of stabilized, forested dune formations formed from
sediment delivered in the past from the ocean beach.
15
16
Figure 3.1 Regional setting and Fire Island field site. Wind rose data from National
Oceanic and Atmospheric Administration daily climatological summaries for Kennedy
Airport for the 5 year period 1975-1979.
17
Figure 3.2 View of the shoreline to the east of the bulkhead at Cherry Grove.
Bhe entire 440 belong shoreline between the bulkhead at Cherry Grove and the
bulkhead in the next developed community to the east, Fire Island Pines, shows evidence
of erosion, including outcrops of peat substrate, exhumed tree roots and scarped barrier
upland (Figure 3.3).
18
Figure 3.3 View of shoreline looking toward Cherry Grove showing erosion of the
shoreline and exhumed tree roots.
Bhe strongest and most frequent onshore winds blow from the northwest (Figure
3.1), but strong northeast winds occur during passage of low-pressure centers. Fetch
distances are 16.0 km to Conklin Point to the northwest and 19.5 km to Smith Point to the
northeast (Figure 3.1). Waves are locally generated and of low height and short period.
Longshore transport rates monitored in this portion of Fire Island are about 1.0 m 3 hr-1
during obliquely onshore winds of about 10.0 m s -1 (Nordstrom et al. 2004).
19
Bhe upper foreshore and the low tide terrace are separated by a conspicuous break
in slope, as is common on estuarine beaches (Nordstrom 1992). Vegetative litter (largely
eel grass, Zostera marina) is common on the foreshore, where it can form a continuous
line at the upper limit of swash and isolated clumps on the active foreshore during falling
stages of the tide. Zostera and driftwood accumulate in great quantities next to the
bulkhead, restricting runup and creating a narrower active beach. Beach sediments are
predominantly coarse to medium-sized quartz and feldspar sands. Heavy minerals
include garnet, ilmenite and magnetite (Williams and Leatherman 1985).
3.2 Methods
Bhe field deployment occurred 13 to 25 October. Shoreline changes were monitored on
four shore-normal transects located bayward of the bulkhead, 5 m from its eastern
terminus (Line BH) and at distances of 2 m (Line W), 18 m (Line M) and 42 m (Line E)
east of the structure. Bhese distances were selected because they were midpoints in the
three shoreline orientations that best described the spiral planform of the shore in the
zone of greatest influence of the structure. Wind speed and direction were monitored
using a Gill 3-cup anemometer and wind vane mounted 2.45 m above the ground surface
3 m from the northeast corner of the bulkhead (Figure 3.4). Longshore currents and wave
orbital velocities were measured with a bidirectional electromagnetic current meter. The
sensor was initially deployed 1 m bayward of the bulkhead and 1 m east of Line BH and
then moved to a location 1 m west of Line M to represent conditions near the middle of
the 3 sampling lines on the beach.
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Water-level data were collected using pressure transducers placed 1 m (PB 1-1)
and 10 m (PT1-10) Hayward of the bulkhead and on the low tide terrace just bayward of
the break in slope on Lines W (PB2), M (PB3), and E (PT4). Bhe co-located current
meter and pressure transducer on Line M were used to calculate wave angle using the
method of Sherman and Greenwood (1986). Data were recorded at high tide on all days
at 4 or 8 hz for 17.1 minutes and during rising and falling tide on selected days. Wave
heights reported are significant heights (CERC 1984). Wave periods represent the peak
energy variance from spectral estimates of the pressure transducer data.
Topography was measured at 1-m intervals along the four shore-normal lines.
Measurements of sediment surface elevation were taken from the tops of 9 mm diameter
metal rods driven into the sand and tied to a common datum by rod and transit.
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Measurements were taken at successive low tides when these occurred in the
morning and evening and at every other low tide when these occurred near mid-day. A
loose fitting washer was placed over the rods to identify depth of sediment activation,
following the procedure of Greenwood and Hale (1980). Washers high on the foreshore
were recovered each time topography was measured. Washers lower on the foreshore
and offshore could not be recovered during every low tide because accurate recovery was
difficult when the beach was saturated and washers were buried deeply. Final recovery
of washers on Lines BH and W was accomplished on 6 November to obtain longer term
data on scour at the bulkhead.
One surface sediment sample was taken to a depth of 5 mm on the upper
foreshore of each of the three beach profile lines following northwesterly winds on 17
October and following northeasterly winds on 23 October. Bulk samples, using a 50 mm
diameter core, were taken on the low tide terrace 1 m bayward of the break in slope on
these three profiles on 24 October and at 1 m and 5 m bayward of the bulkhead on 6
November. Bhree samples were taken in the eroding upland on 23 October to characterize
source materials. Samples were washed, dried and sieved at 0.5 4 intervals in a sonic
sifter and analyzed using graphic measures (Folk 1974).
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Long shore sediment transport rates were estimated by using CERC and
Kamphuis equations. The CERC equation (CERC, 1984) predicts the immersed
sediment transport rate from the height and angle of the breaking wave
where,
I =longshore sediment transport rate;
K =0.82 an empirical coefficient of proportionality;
r =1.2 for estuarine beaches based upon Nordstrom and Jackson 2003 & 1993;
p =fluid density;
g = gravitational acceleration;
Old = wave angle
Bhe volumetric transport rate is estimated from
where,
Q = volumetric transport rate;
s = specific density of sediment relative to the density of the fluid (2.65);
a = ratio of solid volume to total volume of sediment (0.6)
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A second empirical equation for calculating the rate of sediment transport
(Kamphuis 1991a) includes characteristics of the beach and sediment in addition to wave
height and angle:
Where,
Tp= peak wave period;
ml = beach slope;
D50 = median grain size
Volumetric rates of sediment transport derived from the above equations were
compared to measured rates of transport derived from the profile data.
CHAPTER 4
RESULTS
4.1 Initial Beach and Neashore Topography
Figure 4.1 presents the profiles at the four lines at the beginning of the field investigation
on 16 October. The profile at Line W (Figure 4.1A) reveals a conspicuous break in slope
separating the steeper foreshore (10.2 degrees) and the more flat low tide terrace (<0.5
degrees). The foreshore slope at Line M is 6.8 degrees and the low tide terrace slope is
less than 0.5 degrees (Figure 4.1B). Bhe foreshore slope at Line E is the same as Line M
(6.8degrees) (Figure 4.1C). There is no foreshore at Line BH fronting the bulkhead. The
slope of the low tide terrace fronting the bulkhead is less than 0.5 degrees (Figure 4.1D).
Figure 4.1A Profile at Line W measured on 16 October at the beginning of the field
study.
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Figure 4.1B Profile at Line M measured on 16 October at the beginning of the field
study.
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Figure 4.1C Profile at Line E measured on 16 October at the beginning of the field
study.
Figure 4.1D Profile at Line BHP measured on 16 October at the beginning of the field
study.
4.2 Wind Characteristics
Bable 4.1 represents the characteristics of the winds at Fire Island during the field study.
For the first three days of the field study (16 — 18 October), winds approached from the
northwest. Northwesterly winds is the predominant wind condition at Fire Island. For
the remainder of the field study (19 — 23 October), winds approached from the northeast.
Average speed of northwesterly winds ranged from 3.5 to 8.8 m s 1 . The coefficient of
variation (CV) for wind speed during this time ranged from 16.4 % to 36.7 %. Bhe
coefficient of variation for wind direction ranged from 3.45 to 11.41 %. Average wind
speed during northeast winds ranged from 5.0 to 8.3 m s -1 . The coefficient of variation for
wind speed was lower compared to the northeast winds suggesting that the northeast
winds were less gusty. During this time the coefficient of variation for wind direction
ranged from 9.1 to 23.6 %.
Table 4.1 Characteristics of Winds on the Bay Shore of Fire Island at Cherry
Grove
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4.3 Wave Characteristics
During northwest winds, with an average speed of 7.1 m s -1 , wave heights were ranged
from 0.16 to 0.18 at Line W, closest to the bulkhead. Bhe wave heights at Line M and
Line E were ranged from 0.12 to 0.13 under northwest winds. During northeast winds,
with an average speed of 6.6 m s -1 , wave heights at Line W were similar to wave heights
during northwest winds. Wave heights at Line M and E increased by 0.04 - 0.06 m
compared to northwest winds.
28
Significant wave heights in front of the bulkhead (at PB1-10 and PT1-10) were
0.22 — 0.27 m (greater compare to the wave heights on the beach) and it did not change
significantly during the field study (Table 4.2). Wave periods were ranged from 2.3 to
2.7 seconds during the field study at all monitoring locations. Wave angles relative to the
shoreline were ranged from 15 to 30 degrees under northwest winds and from 3 to 12
degrees under northeast winds.
4.4 Sediment Characteristics
4.4.1 Sediment Characteristics on the Foreshore
Table 4.3 shows the sediment characteristics of samples gathered on the foreshore, low
tide terrace and landward of the beach. Upper foreshore sediment samples were taken on
17 October during westerly and northwesterly winds and waves approaching at an angle
of approximately 16 degrees. Mean grain size of the surface sediments from the foreshore
are similar at Line W (1.38 phi, 0.38 mm) and Line E (1.32 phi, 0.4mm) but slightly
coarser at Line M (0.92 phi, 0.53 mm). All surface samples on the foreshore are well
sorted (Folk 1974).
4.4.2 Sediment Characteristics at Low Tide Terrace (LTT)
Sediment samples at low tide terrace were taken on 24 October under steady
northeasterly longshore winds. The mean grain size of the sediments on the low tide
terrace at Line E and Line M is 0.99 phi (0.5mm) (Table 4.3). More than 50 % of the
sediment at these two locations is composed of medium sand. The mean grain size of the
surface sediments on the low tide terrace at Line W is 0.64 phi (0.64 mm).
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Sediment at this location comprises 67.4 % coarse sand. Sediments in front of the
bulkhead fall in the category of medium sand with the mean grain size of 1.27 and 1.68
phi (0.3-0.4 mm) at distances of lm and 5m respectively. Nearly 60% of the sand is
medium sand at this location. Sediments on the low tide terrace fronting the bulkhead are
slightly finer than the sediments on the low tide terrace fronting the beach site.
n.d. — indicates no data available
Table 4.3 Sediment Characteristics of the Foreshore, Low Tide Terrace (LBB) and Landward of the Beach at Cherry Grove,
Fire Island
32
4.4.3 Sediment Characteristics Landward of the Beach
Samples were taken on the surface of a high dune and on the surface and at three depths
below a low dune backing the beach near Line E to identify the characteristics of the
source material of the beach. Mean grain size on the surface of the dune ranges from 1.65
to 1.90 phi. These sediments are well sorted and more than 70 % of the sediment is
medium sand. The mean grain size and sediment sorting do not show considerable
variations with the depth (Table 4.3).
4.5 Volumetric Changes at Cherry Grove
4.5.1 Volumetric Changes during Northwest Winds
Northwesterly winds with average speed of 7.1 m s -I
 were experienced for the first three
days (16-18 October) of the field study. Table 4.4A and Figure 4.2A presents the
volumetric changes occurred at Line W profile. Line W profile was well sheltered by the
bulkhead and showed volumetric loss of sediments of 0.21 m 3
 under northwest winds.
Due to this volumetric loss, the shoreline was shifted landward by 0.92m. Volumetric
deposition occurred on Line M for the same time period was 0.28 m 3
 (Table 4.4B/ Figure
4.2B). The shoreline was shifted bayward by 0.96 m. Line E profile shows an erosion of
0.14 to 0.39 m3
 at foreshore during northwest winds (Table 4.4Cl Figure 4.2C). The
shoreline at Line E shifted landward by 1.2m. Negligible volumetric changes were
observed on the low tide terrace of Line W, Line M and Line E during northwest winds.
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Dead vegetation litter (wrack) accumulates on the Line W where it is trapped by
the bulkhead under northwesterly winds. This accumulation appears to have contributed
to the negligible change to the upper profile (Figure 4.2A). Little change was monitored
at Line BH during the tree days of northwesterly winds (Figure 4.2D).
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Negligible volumetric change was observed on the low tide terrace fronting the
foreshore at Lines W, M and E during the northwesterly winds. Significant erosion was
observed visually at scarp- fronting the marsh- under westerly and northeasterly wind
conditions.
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4.5.2 Volumetric Changes during Northeast Winds
Strong, north-easterly winds occurred during second half of the study (19-23 October).
Accretion was measured on Line W ranged from 0.2 to 1.4 m3 on the foreshore and 0.4 to
0.9 m3on the inner low tide terrace near the foreshore (Table 4.4A / Figure 4.3A). The
shoreline shifted bayward by 0.64 m during this time period. Accretion was measured on
Line M, ranged from 0.6 to 1.2 m3 on the foreshore and 0.09 to 0.12 m3 on the low tide
terrace during the same time period (Table 4.4B / Figure 4.3B). This accretion caused the
shoreline to shift bayward by 0.62 m. Deposition of sediment on Line M and Line W
was continuous across the entire foreshore with little change in slope of the foreshore.
Erosion of sediment from the upper foreshore and deposition on the lower foreshore is
evident on Line E. Accretion of 0.27 m 3 was observed on the lower foreshore of the Line
E (Table 4.4C / Figure 4.3C). The shoreline at Line E shifted landward by 0.4 m. Line
BH, in front of the bulkhead showed little volumetric change through out the study period
(Figure 4.3D).
39
Fib
4.5.3 Net Volumetric Changes during the Field Study
Net volumetric changes during the study are presented in the Table 4.4 (A, B, C, D) and
Figure 4.4 (A, B, C, D). Greatest accretion of 3.9 m 3 was experienced at the Line M
during the field study. Net
 change at Line W profile showed an accretion of 3.23 m 3 .
Net change at Line E revealed accretion of 0.6 m 3 for the same period of time. No
considerable volumetric changes were observed in front of the bulkhead on Line BH.
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4.6 Longshore Sediment Transport Rates
Table 4.5 presents the alongshore sediment transport rates calculated from Coastal
Engineering Research Center's (CERC 1984) equation and Kamphuis's equations by
using wave, sediment and profile data gathered at line M. Table shows that the highest
rate of sediment transport was 1.04 m3 hf lon 19 October, the first day when winds
approach from the northeast and waves approached at an angle of 11 degrees.
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4.7 Depth of Activation
Figure 4.5A, 4.5B, 4.5C and 4.5D shows the depths of activation on the foreshore and
low tide terrace at Line W, Line M, Line E and Line BH respectively after strong
northwesterly winds of 17 October. At Line W, maximum depth of activation on 17
October was 0.07 m at the lower foreshore. Maximum depths of activation at Line E and
Line M on 17 October were 0.13 m at the lower foreshore. Maximum depth of activation
on the same day in front of the bulkhead was 0.06m, considerably greater than depth of
activation on the single location monitored on the low tide terrace at Line M.
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CHAPTER 5
DISCUSSION
5.1 Type of Beach and Profile Changes
The study site is a low energy beach by current definitions. The term "low energy" is
used where the non-storm significant wave heights are < 0.25 m (Jackson, Nordstrom &
Masselink, 1999). Significant wave heights monitored during the study period ranged
from 0.14 to 0.21 m under relatively high speed winds. Narrow beach widths (i.e. < 20
m) and accumulation of vegetative litter on the foreshore are characteristics of the beach
at Cherry Grove and diagnostics of low wave energy conditions.
Profile characteristics (topography) of the beach at Cherry Grove, Fire Island
include narrow, steep foreshores, with an average horizontal width of 12 m, and wider
and flatter low tide terrace. A narrow, steep foreshore is one of the profile characteristics
of low-energy sandy beaches (Jackson and Nordstrom, 2002, 1992; Suhayda and
Oivanki, 1993). According to the low energy beach morphotypes studied by Nordstrom
and Jackson (1992), most of the volumetric changes occur within the steeper foreshore
region.
5.1.1 Influence of the Bulkhead on Adjacent Shoreline
Line W is closest to the bulkhead (1m away) and the erosion at Line W during
northwesterly winds indicates that the bulkhead shelters the site, but the concept of
sheltering may apply more to wind or wave-induced currents than wave heights because
wave heights are greater at this time.
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Line E is farthest from the bulkhead and it is outside the shelter zone created by
the bulkhead resulting in pronounced shoreline change compared to Line W. It appears
that there may be ample space for currents to evolve to a greater transport potential here.
The accretion at Line M could be due to the presence of the stranded pilings on the upper
foreshore at Line M.
Profile response of Line E is different than the profile responses of Line M and
Line W during northeast winds. Line E shows erosion of sediments from the upper
foreshore and deposition on the lower foreshore. This type of profile response usually
occurs on low energy beaches under strong onshore wind conditions when cross-shore
transport dominates over longshore transport (Nordstrom and Jackson 1992). Line M and
Line W show accretion of sediments (with parallel slope changes) across the entire
foreshore with little change in the slope of the foreshore (Jackson and Nordstrom 1992).
This kind of response usually occurs where there is some form of interference with
longshore transport.
5.1.2 Influence of the Bulkhead on the Fronting Profile
Values for depth of activation differ, depending on cross-shore position on the beach
profile (Komar, 1983; Jackson and Nordstrom 1993). Depth of sediment activation is
based on the wave energies on that day with greater heights resulting in greater activation
depths. Maximum depth of activation of 0.13 m, recorded at Cherry Grove is similar to
the depths of maximum activation recorded at Cliffwood beach under similar wave
heights (Jackson and Nordstrom 1994).
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Depths of sediment activation are greater on the foreshore than the low tide
terrace on the beach (Line W, Line M and Line E). Lower depths of sediment activation
occur on the low tide terrace because waves that break at this location are gradually
dissipated on the gentle slope during low water levels. Sediment activation depths on the
low tide terrace fronting the bulkhead are greater than activation depths on the low tide
terrace of the beach, but the greater activation depths are not accompanied by significant
net profile change.
5.2 Sediment Characteristics
Comparison of the sediment characteristics on the low tide terrace fronting the bulkhead
and fronting the beaches to the east shows that sediments fronting bulkhead are much
finer. The depths of sediment activation were higher in front of the bulkhead. The greater
activation depths and finer grain sizes fronting the bulkhead suggest that the structure has
an effect on sediment suspension. Finer sediments on the low tide terrace fronting a
bulkhead have also been noted by Spalding and Jackson (2001) who studied a bulkhead
that was intersecting low on the intertidal foreshore.
5.3 Sediment Transport Rates
Net long-term changes of the shore position or the coastal formations behind the beach
may be greater on bay beaches than on ocean beaches (Nordstrom 1977) despite rates of
transport that can be an order of magnitude less than that on the ocean (Kraft et al. 1979).
Bay beaches are generally small and the amount of sediment available in the beach prism
is much less than on ocean beaches.
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Even though the volumetric changes on bay beaches are small in comparison with
ocean beach changes, they are sufficient to result in considerable shoreline displacement
since the amount of the sediment transported is a sizeable fraction of the total sediment
present in the beach prism.
Average longshore sediment transport rates at Cherry Grove beach were
calculated as 6,400 m3 yr-I. Nordstrom has shown that an annual loss of about 7,000 m3
yr-1 from 1/2 km long bay beach can result in a net landward displacement of the
shoreline of 3.5 m. Downing (1983) has shown that an annual rate of transport of only
765 m3 yr-I can cause substantial accretion and erosion at shore perpendicular structures.
Since the bulkhead at Cherry Grove has been placed on the low tide terrace, it acts as a
shore perpendicular structure like a groin and obstructs longshore sediment transport on
beaches next to it. This trapping effect results in considerable short term displacement of
the beach despite low rates of transport.
5.4 Conclusion
Hard stabilization structures that are projecting into the foreshore have the potential to
alter the physical processes on the adjacent unprotected beach. The following
conclusions can be taken from this field investigation:
• Small volumetric changes on the beach can cause large horizontal displacement
of the shoreline.
• The bulkhead acts as a sediment trap during northeasterly winds.
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• Longshore sediment transport rates are low on bay side of the Fire Island, but
can cause large effects (i.e. erosion on downdrift and accretion on updrift) on
small bay beaches.
• Profile response on nearby beaches is influenced by the structure.
• Accretionlerosion near the bulkhead is highly localized, and profile variability
occurs over distances of meters.
• Less beach change occurs next to bulkhead than away from it during northwest
winds, likely due to the inability of currents to build up there.
• The bulkhead acts as a trap for flotsam that can have pronounced effect on local
erosion/accretion rates.
• Activation depths on the low tide terrace in front of the bulkhead are greater
than on unprotected foreshore, but profile changes in front of the bulkhead are
minimal where the structure is on low tide terrace.
Management problems on the bay side of barrier islands include 1) natural losses
of beach and marsh by wave erosion and 2) human induced losses due primarily to
changes in waves, currents, and sedimentation patterns by protection structures. The main
objective of the GMP of Fire Island National Seashore is to preserve the natural resources
on the bay shoreline of Fire Island while providing environmentally compatible
recreation. From the conclusion of the study it is clear that the shore protection structures
(bulkheads) on the bay side of Fire Island are altering the natural physical processes of
the adjacent beaches.
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The National Park Service needs to plan for alternative actions for providing
bayside protection that is compatible with the goals of the National Seashore, the local
communities and the Corps of Engineers. The augmentation of natural protective features
would be a suitable alternative and should include bayside dunes and vegetation.
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